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A First Look at the Empirical Relation between Spot
and FuturesElectricity Pricesin the US

Abstract

In this paper we invesigate the staistica properties of wholesale elec-
tricity spotandfutures prices tradedon the New York Mercantie Excharge
for delivery atthe California-Oragon Borde. Usingdaily datafor theyears
1998 and 199, we find that mary of the charateridics of the electic-
ity market canbe viewed to be broady consigent with efficient marlets.
Thefutures risk premiumfor six-monthfuturescontractsis estimatel to be
0.1328percent perdayor aboutd perentpermonth.Usinga GARCH spec-
ification, we estmateminimumvariarce hedgeratiosfor eledricity futures.
Finally, we study the dynamicrelaion betweenspotandfuturesprices us-
ing anExponetial GARCH modelandbetwea the spa andfuturesretuns
seriesusing avecta autoregresson.

Key Words: SpotandFuturesElectricity prices,COB FuturesPremiumsHedge

Ratios.



A First Look at the Empirical Relation between Spot
and FuturesElectricity Pricesin the US

1 Introduction and Background

Therecentdergyulationof theelectricutility industryin mary partsof the United
Stateshas createda competitve wholesalepower market that exhibits a level
of price volatility unparalleledin traditional commodiy markets. The reason
for this price behaior is attributedto the natureof how electricity is produced
andconsumedinelasticdemandseasona¢ffectsandmostimportantly the non-
storabilty of electricity Theseuniquecharacteristic®f the supplyanddemand
for electricityarereflectedn thebehaior of wholesalgpower pricesaswell asin
the dynamicrelationbetweerthe spotandfuturesprices!

At aboutthe sametime deregyulation wastaking place,the market for elec-
tricity futures was emepging. The New York Mercantile Exchange(NYMEX)
introducedelectricity futuresin March 1996. Standardizeduturescontractsfor
delivery at Palo Verde(Arizona), California-Orgon Border Cinelgy (Midwest),
Entegy (South-Central)and Pennsylhania-Jersg-Maryland (PJM) interconnec-
tion arenow tradedon NYMEX. Tradingof futurescontractsallows generators
andconsumershe opportuity to hedgethe pricerisk andminimizetheimpactof
large price fluctuations. However, aspointed out by EydelandandGeman(1999)
andPirrongandJermalan(1999),theinability to storeelectricitymeanghatthe
well known cost-of-carryrelationshighatlinks spotandforward pricescannotbe
usedto pricefuturesor establishoptimal hedgeratios?

This study investgatesthe empirical relationshipbetweenspot and futures

electricity pricestradedon the New York MercantileExchangeanddeliveredat



the California-OrggonBorder(COB)2 We examinethecharacteristicef themar
ket usingdaily datafor theyears1998and1999anddocumenits behaior to be
consistentvith efficient markets. The futuresrisk premiumfor six-monthfutures
contractds estimatedo be 0.1328percentperday or about4 percentper month.
Using a GARCH specificationwe estimateminimum variancehedgeratios. Fi-
nally, we studythe dynamicrelationbetweenspotandfuturespricesusingboth
anExponental GARCH modelanda vectorautorgressiorrepresentation.

The literature on corporaterisk managemensuggestghat firms can bene-
fit from hedgingmarket risk. For instance,Smith and Stultz (1985) showv that
risk hedgingcan reduceexpectedtax liabilities and expectedbankrupty costs.
Bessembindgi1991),Froot,ScharfsteirandStein(1993)andStultz(1990)present
modelsthatshow thata policy of hedgingmarket risks canleadto moreefficient
capitalinvestnentresults.

Forwardhedgingin the powerindustryis likely to leadto subsantialbenefits.
Theextremevolatility of wholesalgpower pricessuggesthatmostpower produc-
ersandretailershave significantprice exposureghatmayleadto serioudinancial
difficulties* Futurescontractgrovide away to transferrisk betweeragentsvho
have differentrisk preferences.Keynes(1930) claimedthat highly risk averse
individuals,the hedgerswould transferthe risk of carryinganasseto lessrisk-
averseindividuals,the speculators Also, individualswith differentendavments
of acommodty cantransferpricerisk whenthe ownersof large endavments go
shortwhile thosewith futurerequirementgjolong.’

Bessembindeand Lemmon(2002) presentan equilibrium pricing model of
forward electricity contracts. Their modelimplies that the relationshipbetween

forward power price andthe future spotprice is a function of both expectedde-



mand and demandvariance. More specifically they indicate that the forward

pricewill generallybe a biasedforecastof thefuture spotprice,with theforward

premiumbeinga decreasingunction of the expectedvarianceof the wholesale
spotprice andanincreasingunctionof the expectedskewnessof wholesalespot
prices.

Theremaindeiof this paperis organizedn five sections.In section2 we de-
scribethe dataandpresenits statisical properties.In section3 we examinethe
characteristicsf the spotandfutureselectricity marketsandestimateheforward
risk premium. In section4, we estimatethe dynamicrelationbetweenspotand
futuresmarkets and derive estimatedor optimal hedgeratios. A vectorautore-
gressiorof thespotandfutureselectricity pricesis estimatedn section5. Further
implicationsderivedfrom impulseresponséunctionsarediscussedA brief sum-

maryandsomeconcludingremarksarepresentedn thefinal section.

2 DataDescription

Daily spotand futureselectricity pricesfor the period March 1996to January
2000wereobtainedrom the New York MercantileExchang€. The samedataset
includeddaily dataon tradingvolumeaswell ason openinterestfor all contracts
tradedon NYMEX. Thedatasetncludeddaily obsenrationsfor all five electricity
futurescontractstradedon NYMEX, wherethe only differencesbetweenthese
contractsarein the sizeanddelivery location?

Similar to futures markets for other commalities, electricity futuresrarely
requirephysicaldeliveryof electricity® In mostinstancesthecontractis closecby
enteringinto an offsetting trade. NYMEX offers electricity futurescontractsfor

differentdelivery locationsbecausef the regional differencesn the production



of electricity?® In this studywe focusonly on electricity futurescontractshatare
deliveredat the California-Orgon Border(COB).

The COB futurescontracttradesin units of 432 MWh deliveredover a one
monthperiod. Theexchangesetsa minimum pricefluctuationof 1 centperMWh,
with no limits on maximum price fluctuation. Tradingin ary given futurescon-
tract terminateson the fourth businessday prior to the first day of the delivery
month For the COB futures,the delivery locationis the Interconnectiorpoint
at the COB of the pacific northwest/pacifisouthwesAC inter-tie, includingthe
CaliforniaOregon TransMission project.

Several importantreasongromptedus to omit datafor the years1996 and
1997andconsideronly the years1998and1999for the presentstudy First, the
Californiamarket did not deregulateuntil April of 1998. Prior to this, rateswere
largely fixed andtherewaslittl e reasonto hedge. Second futurestradingin the
earlyyears(1996and1997)wasnot very active, andthefinancialcontractsused
for tradingthesefutureswere constantlydeveloping. Finally, because¢he market
for electricity futuresstartedonly in March1996.,it is likely thatin the beginning
montls, obsenedfuturespricesreflededtheinexperienceof industryparticipants,
andmaynotrepresenthetrue equilibrium pricing structure!?

Figure 1 displaysdaily spotelectricity pricespostedon the COB market for
the periodJanuary2, 1998throughJanuaryl, 2000. The spotprice seriesrepre-
sentedthe daily wholesaleclosingprice at COB. As evidentfrom the graph,the
behaior of electricity pricesis characterizedy temporaryupward spikes, high
volatility andfrequentextremevalues.Moreover, the price seriesexhibits signif-
icant posiive skewness. Thesefeaturesare generallyattributedto the fact that

electricity cannotbe economicallystoredandthattherearerelatively few players



onthegeneratiorandthe wholesaledemandsidesof the market.!
Figurelto goabouthere.

Datafor futurespricesincludedseveral differentseriesfor eachof the contracts
traded. All of the electricity futurescontractsran for six consecutie months.
Limiting our sampleperiodto years1998and1999resultedn atotal of 16 over-
lapping six monthscontracts;the first begins on April 6, 1998 and expires on
SeptembeR5, 1998. The next contractstartsonemonthlater (May 5, 1998)and
endsonemonthlater (October27, 1998),andso on. The last contractstartson
July 6, 1999 and expireson Januaryl, 2000. While the futuresprice for each
contractis independentf othercontractsspotpricesoverlap. Sincethereis more
thanoneandone-halfyearsof data(andlessthantwo full years)in our sample
period,we have threenon-overlappingsix-montscontracts.

It is importantto point out thatin this study we conductempirical testing
on threedifferentsetsof data. The first setrepresentshe 16 futurescontracts
with their correspondingpotprices. The seconddatasets the forward premium
serieswhichis derivedfrom synchronizinghesel6 contractswith respecto ma-
turity. Finally, we conductsometestson a subsetof the contractsthat are non-
overlappng. Thesecontractsaarethe 1st, 7th,and13thcontractdrom the original

sequencef 16 contracts.

3 General Characteristicsof Spot and FuturesElec-
tricity Markets

Descriptie statistcsfor daily spotandfuturespricesfor eachof the 16 electricity

futurescontractsare presentedn Tablel. The samestatistcs for daily spotand



futuresreturnsarepresentedh Table2. Severalimportantfeaturef theelectric-
ity priceseriesstandout. Boththespotreturnsandthefuturesreturnshave means
thatarenot significantly differentfrom zero. Thevolatility in thespotpriceseries
is two to fifteentimeshigherthanthevolatility in thefuturesprice series.Similar
differencesare obsened for the returnsof the two series. All of the spotprice
aswell asthe spotreturnseriesexhibit a statistcally significantlevel of positive
skewnesswhereaghe futuresprice andreturnseriesdo not consistentt exhibit

suchbehaior.!?
Tablesl and2 to go abouthere.

Bessembindeand Lemmon (2002) point out that positve skewnessin the
wholesaleelectricity pricesreflectsthe possibilty of large upward swingsin the
maiginal productioncosts. Given the relative fixed retail prices,this may cause
industy profitsto decline.To countetrthis effect, theindustryasawholewill have
anincentve to hedgeagainstproductioncosthikesby purchasingpower at fixed
futuresprices.Thisdemandor fixedforwardpricesis likely to resultin apositive
forward premiumaswell asanactive marketin electricityfutures.

Table3 recordgheautocorrelatiomesultsfor thefirst differencedseriesof the
threenon-overlappingcontracts As theresultsin table3 shaw, thereis no signif-
icantautocorrelatiorpresentandnoneappeargo be persistenin the spotreturn
series. The futuresreturnserieshowever, exhibits somelevel of autocorrelation
for only oneof the contractsexamined.Thelack of ary significantserialcorrela-
tion in the daily spotreturnsis consistentvith an electricity market thatis at the

very least,weak-formefficient.!3
Tables3 to go abouthere.
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3.1 TheForward Premium in Electricity Futures contracts

We employ a researchdesignthatis commonlyusedin the literatureto testfor-

wardandfuturespricing theoriesn equity, commodites,fixedincomederivatives
andforeign exchangemarkets. The ex-antepremiumin the forward price is cal-
culatedby measuringhe ex-postdifferentialbetweerfuturespricesandrealized
delivery datespotprices!* For eachof thesixteenfuturescontractsn oursample,

we calculatethedaily futurespremium(or discount)asfollows:
(Premium), = (F; — S)/S;, t=1,2,---,180 days

F, is thefuturesprice and S; is the spotprice at time period¢. For all of the 16
contracts,we have a total of 2880independentlaily futurespremiumobsena-
tions. A comma problemin the literaturewith studying forward premiumsis
thatrandomshockgo assepricesarelargerelative to ary premiumin thefutures
price,causingestsconductedn smallsamplego lack statisical power.

As away of working aroundthe problemof smallsamplesywe employ atech-
niquethatis similar in spirit to the well-known event-studymethodobgy. Es-
sentially we synchronizethe start and the expiration datesfor eachof the 16
contracts.This procedurellows usto documenthe behaior of the forward pre-
miumoverthelife of astandard-monthfuturescontract.Figure2 plotsthemean
forwardrisk premiumfor all 16 futurescontractdradedduringour sampleperiod.
Notethateachpointonthegraphrepresentthe meanvalueof approximatelysix-
teenindependenbvbsenations Thefuturespremiumis shavn to beanincreasing

functionof time to maturityandreacheseroat expirationdate ¢

Figure2 to go abouthere.



Before we estimatethe slopeof the trendline in Figure 2, which givesthe
meanforward premiumfor electricity prices,it is importantto first confirmthat
thepremiumdecaysn alineartrendtowarda zeromeanatexpiration Thatis, the
premiumdoesnot follow a quadraticor any othernonlinearpattern. While this
behaior is evidentfrom the graphin Figure2, we attemptto fit the futurespre-
mium seriesto a numberof nonlinearspecificationsvithoutmuchsuccessThus,
we proceedto estimatethe slopeof the trend line usingordinary leastsquares
regressiorof the futurespremiumseriesagainsta lineartime trend. The average

daily futurespremiumis estimatedfrom thefollowing regression:

Premium = —0.01 + .001328(7"rend)

The coeficient of trendis foundto be positive and highly significantat 1%
level with a t-statistc of 9.75. The estimaéd forward premiumvalue of .1328
percentper day or approximately4 percentper monthis robustto a variety of
othermodelspecifications?”

Theestimatedorwardpremiumis largerelative to similarpremiadocumented
in theliteraturefor othercommodites. For instanceConsidire andLarson(2001)
documenta smallerrisk premiafor crudeoil and naturalgas. Their empirical
findingsprovide strongsupportfor the presencef risk premiumsthat are posi-
tively correlatedwith pricevolatility. Yang,BesslerandLeatham(2001)examire
the price discovery performanceof futuresmarketsfor storableand nonsteable
commodties. They find that while nonstorality doesnot affect cointegration
betweencashandfuturesprices,it doesaffect the magnitule of biasof the mar
ketsestimateof future cashprices. This will in turn causefuturespremiumsfor

nonsteablecommalitiesto be higherthanthosefor storablecommodiies.
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Thereare two possibé explanatios for observingsucha large futurespre-
mium for electricity contracts.First, it may be the casethatthe uniquefeatures
of electricityasa non-storat# commodityandthe presencef relatively few big
playersin the market, requiresa high premiumto bring equilibrium to a market
wheresupplyanddemandconditionsare particularlyvolatile. This suggestshat
the value obtainedfrom hedgingpricerisk in electricity marketsis worth much
morethanin othermorestablecommodites. Secondpbservingsucha large fu-
turespremiumin electricity contractsmay also suggesthat the power markets
may suffer from limited industry-ousider participation and thus may not yet be

sufficiently integratedwith the broaderfinancialmarkets.

3.2 Trading Patternsin Electricity Futures

Usingthe sameevent-stuly methoddogy with respecto synchronizinghe con-
tractperiod,we examire tradingvolume andthenumberof openinterestcontracts
for thatsametime period. Figure3 depictsthevolumeof tradingin COB electric-
ity futures. It is worth notingthatvolumeof tradinggraduallyincrease®ver the
life of the contracts.Thereis a sharpincreasdn tradingvolumeaswe approach
the30-daymarkandinto thedaysbeforethecontractcloses.Thebehaior of trad-
ing volumeover thesix-manthscontractperiodis foundto bewell representedy

anexponenial functionof time to maturity.
Figure3to go abouthere.

Figure4 shavsthevolumeof openinterestin electricityfuturescontractghrough
outthesix-monthscontracts Consistenwith the previousgraphdepictingtrading
volume, openinterestvolumeis showvn to graduallyincreaseasthe contractsap-

proachmaturity. Notethesignificantdropin thevolumeof opencontractdeyond
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the 30-daymarkandtowardsthe expirationdate wherethe vastmajority of these

contractsaareclosedout.

Figure4 to goabouthere.

4 The Relation between Spot and Futures M arkets
4.1 Estimating the Hedge Ratio

Thehedgeratio is theratio of the position takenin the futurescontractghatwill

exactly offsetthe sizeof the exposurein the spotmarket. An optimalhedgeratio
is derived by minimizing the varianceof theinvesbr’s (hedger)hedgedoortfolio
returns.Letr,,; representhereturn,s; 1, thespotprice, f;, 1, thefuturespricein
periodt + 1 andh; bethehedgeratioin periodt. Thereturnto aninvesbr going

longin thespotmarketandshortin thefuturesmarket would be:

Ti+1 = Sg+1 — htft+1

Thevarianceonthereturncanbewritten as:

vary(ree1) = vary(sie1) + h2vary(fip1) — 2hecovy(sep1, fra1)
The minimum variancehedgeratio is calculatedby taking the dervative of the
above expressiom with respecto h; andsettingit to zero,which gives

_ covy(Set1, fre1)
e = vary(fis1) @

The minimum variancehedgeratio givenin equation(2) cangenerallybe esti-
matedby regressingfuturesreturnson spotreturns. However, estimatinghedge
ratiosusingordinaryleastsquareprovidesstaticestimateshatarenotvery useful

given thevolatile behaior of electricityprices.
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Suddenspikesand periodsof increasedsolatility characterizenostspotand
futureselectricity time series. Moreover, the changen the volatility of forward
pricesat differenthorizonsis importantfor both derivative pricing aswell asdy-
namic hedging. Most commodiies exhibit a patternof forward price volatility
which is decliningwith contracthorizon. This effect is attributedto the smooth
ing of expectation®verthelife of thefuturescontract.Undersuchcircumstances,
theassumptia of aconstanvarianceovertimeis clearlynotappropriateln order
to capturethe potental changesn the variance the conditional variancecanbe
modeledusingan ARCH type modelintroducedby Engle(1982)andgeneralized
asGARCH by Bollerslers (1986).

To estimatethe hedgeratio usinga GARCH specification spotand futures
daily returnsaremodeledusinga standardSARCH (1,1) specification'® Specifi-

cally, we estimatethe following model:

rf = artF + € (2)

o; = P1+ Bo€; | + B30} 4 (3)

Themeanequation(3) shaws spotreturns(ry’) asafunctionof futurereturns(r/")
andthe error term. The conditionalvariance(cs?) equation(4) is specifiedasa
functionof threeterms;themean(, ), thenews aboutvolatility from theprevious
period(e? ,) andthe previousperiods forecastvariance(o? ).

Table 4 presentghe estimatedhedgeratios for eachof the 16 futurescon-
tracts. The coeficient for the hedgeratio is foundto be positive andstatisically
significantat the 1% confidencdevel in 10 of the 16 contracts.The meanhedge
ratiofor the10significantvaluesis 1.629.This estimateof the hedgeratiois high

relative to hedgeratiosfor othercommodiies. For instance Baillie and Myers
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(1991)usea similar GARCH modelto estimatethe optimal hedgeratiosfor six
commodties. Their estimatesare 0.07 for beef, 0.25for coffee, 0.61 for corn,
0.38for cotton,0.50for gold and0.76for soybeans.However, dueto theunique
characteristic®f electricity asa non-steable commodiy, andthe presencef a
relatively few playerson the supplyandwholesaledemandsidesof the market,
thepricevolatility in thespotmarketis typically mary timeshigherthantheprice

volatility for theseothercommodiies.
Table4 to goabouthere.

Equallyimportantto the estimaton procedurearethe significanceof the con-
ditional varianceestimates.The estimatedcoeficientsfor last period’s forecast
variance(the GARCH term) aresignificantin every regression.This is consistent
with a price behaior thatis subjectto sudderspikesin oneperiodwhich causes
suddenincreasesn volatility in the next period. The ARCH termis alsosignifi-
cantin 11 of the 16 contracts.Theseresultsareconsiseéntwith thoseobtainedby
Bystrom(2000)for the Nordic Paver Pool,andsuggesthata GARCH represen-
tationmight be a reasonabl@ssumpbn for the procesgyeneratingeturnsin the

electricitymarket.'

4.2 Estimating the Dynamic Relation between Spot and Fu-
turesPrices

In this sectionwe attemptto modeltherelationbetweerthe spotandfutureselec-
tricity prices. As alludedto earlier wholesaleelectricity pricesarecharacterized
by periodsof tranquilty that are often followed by periodsof suddenincreases
in thelevels of volatility. This behaior is consistentvith the asymmetric ARCH
type modelsdeveloped by Engle and Ng (1993), which allows for asymmetic

14



shocksto volatility. Amongthe specificationghatallow for asymnetric shocks
to volatility, we estimatethe EGARCH or the exponential GARCH modelwhich

wasproposedy Nelson(1991). Themeanequations modeledas:

ft = 01 + 025, + 0301 + € (4)

where f; representshe futuresprice and s, the spotprice. o, is the conditional

standardieviation. The specificatiorfor the conditionalvarianceis given by:

€t—1

€t—1
| +74 (5)
Ot—1 Ot—1

log(07) =71 + 72 log(o7-1) + 73 |
The left-handsideis the log of the conditionalvarianceimplying thatthe lever-
ageeffect representedby ~, in the varianceequationis exponental andthatthe
forecastsof the conditional varianceare non-ngjaive. Given the standardfor-
mulation betweenfuturesand spotprices, this specificationappeargarticularly
attractve for modelingthe behaior of suchderiative securities. We usethis
conditional variancespecificatiorto studythe dynamicrelationbetweerspotand
futureselectricity prices.
Thisestimatim useghreeconsecutie but non-overlappigfuturescontracts®
As indicatedbefore,the first contract,denotedas 1, startson April 6, 1998and
matureson SeptembeR5, 1998. The next contract,denotedascontract?, starts
on October25, 1998andendson March 26, 1999. Thelast contract,denotedas
13, startson April 15,1999andmatureson SeptembeR7,1999.Table5 presents
the estimateccoeficientsfor the EGARCH modelappliedto thesethreefutures

contracts.

Table5 to goabouthere.
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Theresultsin Table5 indicatethattherelationbetweerspotandfutureselec-
tricity pricescan be reasonablycapturedby the exponental GARCH specifica-
tion describedby Nelson(1991). All of the estimatedcoeficientsare found to
besignificantatthe 95% confidencdevel with anaverageR-squaredbove 80%.
In the meanequation the slopecoeficient is highly significantin all threecon-
tracts. More importantly, the GARCH term (¢2_,) is very significantnot only in
the varianceequation,but alsoin the meanequation. This indicatesthat condi-
tional volatility is a major determinanof the dynamicrelationbetweenspotand
futureselectricity prices.

The“leverageeffect” is estimatedby the coeficient v, in Table5. In all three
contractghis coeficientis highly significantindicatingthattheimpactof a lever-
ageeffectwill beasymmetric.In thefirst contractthis estimatds negative while
in contract2 and3 this estimates posiive. The presencef aleverageeffectin
electricityspotpriceswasalsodocumentedby Knittel andRobertg1999).More-
over, the EGARCHtermin thevarianceequationyepresenteds(v,) in equation
6, is shavn to benotvery closeto onein all threecontracts.This resultindicates
that volatility shocksare not likely to be very persistent. This behaior will be

furtherexaminedusingimpulseresponsdunctionsin the next section.

5 Vector Autoregression of the Spot and FuturesRe-
turns

As pointedout before,the traditioral no-arbitragecost-of-carrymodelsof pric-
ing forward contractsdo not readily apply to power markets. Thusit may be
difficult to theoreticallyestablisithe usuallink betweerspotandforward prices.

An alternatve, non-structual approachs to usea vectorautorgression(VAR)

16



to modelthe relationshipbetweenspotandfuturesreturns. This methoddogy is
particularly usefulin analyzingthe dynamicimpactof randomdisturbance®n
theestimatedelationship.

We estimatea VAR modelto assesshe time-seriedbehaior of spotandfu-

tureselectricity returnseriesbasedn thefollowing generaimodel:

= Ao+ X A+ (6)

« (%)
wheres; and f; arethespotandfuturesdaily returnseriedor eachof thel6futures
contractgn our sampleperiod. Sincethereis no theoreticallyjustified methodof
choosinghelaglengthfor the VAR, we employ theBayesiarestimatiorcriterion

functionsuggestedy Geweke andReesg1981),which is minimizedfor a VAR

of orderone. Table6 presentsesultsfor the VAR(1) estimatian.
Table6 to go abouthere.

As expectedthereis a positive relationbetweencurrentandfuture valuesof
boththe spotandfuturesreturnseries.ln every statisically significantestimaten
the VAR systemthe coeficientis positive. Moreover, in every oneof the 16 con-
tractsestimated,the spotequationis foundto be moresignificantthanthefutures
equation.Thisfindingis consiséntwith anelectricitymarketin which spotprices
aresignificantlymoreimpactedoy currenteventsthanfutureselectricity prices.

To assess$urthertheimplicationsof the estimated/AR(1) for thetime-series
propertieof thespotandfuturesreturnswe conductwhatamountgo anumerical
simulation of the VAR system Specifically animpulse-responséunctiontraces

theresponsef oneof thevariableso achangean oneof themodelsinnovations.

17



For instance,we tracethe effect on currentand future valuesof both the spot
andfuturesreturnsresultingfrom a one-standardleviation-shockto one of the
innovations. If the residualsare not correlated,the impulse responsdunction
for oneinnovation measureshe effect of onestandarddeviation shocktodayon
currentandfuture valuesof the spotandfuturesreturns.

To accounfor potentialcorrelationbetweertheinnovations,we orthogonake
the two processesisinga Choleslk decomposibn of the covariancematrix of
the errors. Assuning that both the spotandfuturesreturnsare at their long-run
averagesFigure5, shavs the effect of two impulse vectorson VAR(1), where
the solid line anddashedines representhe spotreturnsandthe futuresreturns
respectiely. Thesevectorscorrespondo a shockof magnitue 1 to the process
asthebasisfor theorthogmalization,wherein thefirst casethespotreturnis used

asthebasis,andin the secondcasethe futuresreturnsis usedasthebasis.

Figure5 to goabouthere.

Thegraphatthetop of Figure5 shavs thata positive shockto thespotreturns
seriesdies out after eight dayswith a half-life of aboutfour days. This shock
resultsin aposiive shockto thefuturesreturnsserieswhich peaksattwo to three
days,anddiesout graduallyover the next nineto tendays. Moreover, the shock
causedoththe spotandthe futuresreturnsseriesto move in the samedirection
asthey reachtheir steadystate with a muchsmallerimpacton the futuresseries
duringthefirst two days.

The bottompartof Figure5 shows thata positive shockto the futuresreturn
serieshasmuchlessimpacton both the spotand futuresreturns. This is evi-

dentwhenwe comparethe magnitudeof the scalesbetweerthetwo graphs.The
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movementin the spotreturnsseriestendsto be insigrificant in relative magni-
tude.Interestinglyregardles®of theimpactof the shock boththespotandfutures
returnsseemto corverge to their long-runsteadystatewithin aboutnine to ten
days.

In generalthe VAR(1) estimationrandtheimpulseresponsanalysisprovides
moreinsight into the behaior of spotandfuturesreturnseries. Positve shocks
to spotreturnshave significantly moreimpacton both currentandfuture values
of electricity thanshocksto futuresreturns. Moreover, shocksto both spotand
futuresreturnsappeato berelatively short-lived with a half-life of aboutfour to

five daysbeforethey corvergeto their long-runequilibrium.

6 Summary and Conclusions

Therecentdergyulationof theelectricutility industryin mary partsof the United
Stateshas createda competitve wholesalepower market that exhibits a level
of price volatility unparalleledin traditional commodiy markets. The reason
for this price behaior is attributedto the natureof how electricity is produced
andconsumedinelasticdemandseasona¢ffectsandmostimportantly the non-
storabilty of electricity Theseuniquecharacteristic®f the supplyanddemand
for electricityarereflectedn thebehaior of wholesalgpower pricesaswell asin
thedynamicrelationbetweernthe spotandfuturesprices.

In this study we investigate the empirical relation betweenspotand futures
electricitypricestradedon NYMEX thatarefor delivery atthe California-Orgjon
Border We examinethecharacteristicef themarketusingdaily datafor theyears
1998and1999. Autocorrelationresultson the spotandfuturesprice seriesindi-

catethatthe behaior of the electricity market is broadlyconsistentvith efficient
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markets.However, dueto theuniquecharacteristicsf electricityasanon-steable
commodty andtherelatively few playersonthegeneratiorandwholesalelemand
sidesof the market, we find thatelectricity futuresaresignificantlydifferentthan
for otherstandarccommodites with respecto estimate®f futurespremiumand
hedgeratios.

The forward risk premium for six-mont futures contractsis estimatedto
be 0.1328percentper day or about4 percentper month. The estimatedfor-
ward premiumis large relative to similar premiadocumentedhn the literaturefor
othercommodites. However, becausef the uniquefeaturesof electricity asa
non-storablecommodiy this large premiummay in fact be requiredin orderto
bring equilibrium to a futuresmarket wheresupplyanddemandconditionsareso
volatile. Alternatively, suchalarge premiummayalsosuggesthatpower markets
maypresentlysuffer from limitedindustry-outgler participationandthusmaynot
be sufficiently integratedwith the broaderfinancialmarkets. Only the passag®f
timewill affirm eitherof theseexplanatians.

Using a GARCH specificationwe estimateminimum variancehedgeratios.
Themeanhedgeatio for the 16 futurescontractdradedduringtheperiodApril 6,
1998throughJanuaryl, 2000is estimatedo be 1.629.0Onceagainthehedgeratio
is high relative to its value for othercommaodties. However, dueto the unique
characteristicof electricity, the price volatility in the spotmarket is typically
mary timeshigherthanthe price volatility in thefuturesmarket.

Finally, we study the dynamicrelation betweenspotand futurespricesus-
ing an ExponentialGARCH modelandbetweenspotandfuturesreturnsusinga
vectorautorgressiom representationThe EGARCH modelis shavn to bearea-

sonabledescriptionof the dynamicrelationbetweenspotand futureselectricity
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prices. The vectorautorgressionof spotandfuturesreturnsseriesrevealsthat
positive shocksto spotpriceshave significantlymoreimpacton both currentand
futurevaluesof electricitythanshockgo futuresprices.Moreover, shockgo both
spotandfuturesreturnsappeato berelatively short-lived with a half-life of about
four to five daysbeforethey corvergeto their long-runequilibrium.
Futureresearchinto this relatively new market shouldexplore a variety of
unresolhed issues. For instance the magnitudeof the forward risk premiumin
electricitypricesmaychangesignificantly overtimeasmoreindusty outsidersare
attractednto tradingin spotandfutureselectricity markets. More researchinto
the behaior of the futuresmarket andits relationwith the spotprice is needed
to betterunderstandhe effectiveressof hedgingin this market. Modeling the
theoreticarelationbetweerspotandfuturespricesfor non-steablecommodiies

will shednew light onthebehaior of this highly volatile electricity market.

Acknowledgments: TheauthorsvouldliketothankLesterHadsell,David Smith,
RobertWebb (the editor) andan anorymousrefereefor valuablecommentsand
suggestinsand Market Surveillance Section of the Commodity Futures Trading
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FOOTNOTES

1. Thecompetitve natureof thewholesalgpowver marketshasbeenthesubject
of muchdebate GreenandNewbery(1992),Newbery(1995)andWolfram
(1999) concludethat thereare an insuficient numberof supplersin the
British power markets. Borensteinand Bushnell (1999) and Borenstein,
Bushnelland Wolak (2002) find that California electricity markets have
somepotentialfor market power. Joslow and Kahn (2001) indicatethat
recentelectricity pricesin California“f ar exceededompetitve levels”.

2. RoutledgeSeppiandSpatt(2000)develop anequilibriummodelof forward
pricesfor storablecommodites. They usea competitve rational expecta-
tions modelof storageto studythe impactof the embeddediming option
on commodityspotandfuturespricing. Unfortunatelytheir resultsdo not
necessarilgxtendto electricityfutures.

3. The COB locationhasemegedasa major market centerfor electricity fu-
tures. This particularregion hasan active wholesalemarket andutilitiesin
California have startedoperatingundera performancebasedrate-making
policy. Thisfuturesmarket providesa pricereferenceandrisk management
tool to the market participants.

4. A recentexamplein Californiaare SouthernCalifornia Edisonand Pacific
Gasand Electric, both companiesexperiencingfinancial problemsstem-
ming from the high costsof purchasingpower on the wholesalespotmar
ketswhile their retail rateswerefixed by regulators.Moreover, they where
not allowedto enterinto long-termcontractswith supplers.

5. For furtherdetailson hedgingandrisk behaior, seeHicks (1946),Working
(1953),Johnsor(1960)andmorerecentlyCornell (2000).

6. It is important to note that the California enepy crisis beganin the mid-
dle of year 2000 and extendedinto year2001. Our datadoesnot cover
theseevents.For anexcellentreview of the eventsleadingto this crisis,see
Blumstein FriedmanandGreen(2002).

7. Foracompletedescriptiorof thevariousfutureselectricitycontractdraded
onNYMEX, seeEmeryandLiu (2002)andthe NYMEX website.
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10.

11.

12.

13.

14.

15.

16.

17.

. Accordingto NYMEX, lessthan2% of electricity futuresresultin actual

delivery.

. Forexample California-OrgoonBorder(COB) delivery pointprimarily uses

hydro,Palo Verdeusesnaturalgas,PJMusesnuclearetc.

Figlewsk (1984)reportsthatmarket pricesfor stockindex futuresinitially
(atinception)deviatedsignificantlyfrom theoreticalvalues,but cornverged
toward predictedvaluesafterafew monhsof trading.

Market pricesare volatile becausdanvenbries cannotbe usedto smooth
supplyanddemandandpositive skewnessis theresultof expecteddemand
beinghigherthanor morevolatile thancapacity

Theresultsfor the returnsseriesare identicalto thosefor the price series
andarethereforenotshowvn here.

Notethatthe continuirg investgationsby federalenegy regulatorsof pos-
siblemanipulatio of electricitypricesin Californiaby Enron,AvistaandEl
PasoElectricoccurredmostlyduring2000-01well afterour sampleperiod.
SeeNew York Timesarticleby RichardA. OppelJr., August14,2002.

It is importantto notethatin this paper we do not distinguishbetweerfu-
turespremiumandforward premium.Both termsareusedinterchangeably
andareonly referringto tradedfuturespricesrelative to the spotprice.

Famaand French(1987) testwhetherfuturesrisk premiumsare nonzero
using9 to 18 yearsof dataon 22 commality markets. They concludethat
“the evidenceis not strongenoughto resole thelong-standingontroversy
aboutthe existenceof nonzeroexpectedpremiums’

Dueto the NYMEX rule of no trading4 daysprior to contractexpiration,
we obsenre a slight negaive premiumtwo or threedaysprior to contract
expiration.

To confirmthelinearity of the forward premiumover time, we smooththe
premiumseriesusingthe Hodrick-Prescot{1997)filter. This methodpro-
videsa goodestimateof the long-termtrendin a series. Using their filter
we obtainanidenticalestimateor the estimaed premiumwith a t-statistc
of 463andanR-squaredaf 99.9percent.
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18.

19.

20.

Bystrom (2000) examires several alternatve specificationdor estimating

hedgeratiosfor electricity futurestradedon the Nordic Pover Exchange
Nord Pool. He findsthata standardSARCH modelworks betterthanmore

elaboratespecifications.

The standardapproachto choosinga particularreturn generatingprocess
is to testtheresultsagainstalternatve specifications We testedthis model
againsptherhigherorderARCH andGARCH modelsincluding Asymmet
ric ARCH type specifications None performedbetterthanthe simplefirst
orderGARCH model.

It shouldbe notedthat to characterizethe behaior of spotand futures
prices,overlappng obsenation canobscurethe true structureof the rela-
tion. However, in the previous sectionwe estimatechedgeratiosusingthe
full sampleof 16 contractssinceeachfuturescontractandits corresponding
spotpricesis uniquewith respecto its startandexpiration dates.
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Table 1: Summarystatistcs of the daily wholesaleelectricity spotand futures
priceseriedor all sixteenfuturescontractsradedduringthe periodApril 6,1998
throughJanuaryl, 2000

Series| Mean| Std.Dev. | Skewness| Kurtoss | Jarque-Bera Proh

S1 |31.11] 17.25 1.27 4.23 39.95 0.00
S2 | 31.95| 16.98 1.17 4.17 35.23 0.00
S3 | 34.66| 15.33 1.28 4.94 52.71 0.00
S4 | 37.21) 1431 1.69 5.20 82.27 0.00

S5 | 34.72] 14.59 1.83 5.86 107.40 0.00
S6 | 29.17] 11.15 3.15 14.80 880.65 0.00
S7 | 2598 831 2.76 14.60 818.88 0.00
S8 2491 7.78 3.52 20.33 1751.06 | 0.00
S9 | 2466 7.72 3.72 21.65 2001.22 | 0.00
S10 | 24.11| 5.12 1.13 4.43 35.76 0.00
S11 | 27.28| 8.95 1.71 6.27 114.48 0.00
S12 | 29.88| 9.86 1.67 6.08 105.61 0.00
S13 | 32.29| 8.85 1.82 6.72 136.75 0.00

S14 | 36.66| 11.09 1.09 3.72 26.91 0.00
S15 | 38.76| 11.37 0.81 3.00 13.42 0.00
S16 | 38.41| 10.80 1.07 3.53 24.65 0.00
F1 | 28.56| 1.03 -0.26 1.91 7.30 0.02
F2 12982, 1.64 1.74 7.86 182.47 0.00
F3 |32.02| 1.60 0.79 4.10 19.04 0.00
F4 |28.88| 2.77 0.74 2.63 11.82 0.00
F5 |25.30| 2.65 0.15 2.03 5.10 0.07
F6 | 21.22| 1.85 -0.39 1.88 9.14 0.01
F7 |19.54| 151 0.36 2.42 4.34 0.11
F8 | 17.65| 1.31 0.37 2.22 5.82 0.05

F9 | 17.81| 1.47 1.76 7.67 170.33 0.00
F10 | 27.10| 2.11 1.69 6.12 106.24 0.00

F11 | 43.79| 3.40 0.79 2.42 14.40 0.00
F12 | 41.89| 2.86 -0.18 3.48 1.91 0.38
F13 | 31.84| 1.90 0.26 2.06 5.76 0.05
F14 | 33.36| 2.05 0.44 2.20 7.19 0.02
F15 | 35.37| 1.47 -0.68 3.98 14.41 0.00
F16 | 31.27| 1.583 -0.17 2.65 1.22 0.54
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Table2: Summarystatigics of thedaily spotandfuturesreturnseriedor all of the
sixteenfuturescontractsradedduring the period April 6, 1998throughJanuary
1,2000

Series| Mean | Std.Dev. | Skewness| Kurtoss | Jarque-Bera Proh

S1 | 0.0193| 0.1956 0.84 5.04 33.55 0.00
S2 | 0.0256| 0.1913 0.85 5.32 39.87 0.00
S3 | 0.0231| 0.1804 1.11 6.12 70.50 0.00
S4 | 0.0153| 0.1469 0.74 4.84 26.87 0.00

S5 | 0.0027| 0.1409 0.54 7.61 107.63 0.00
S6 | -0.0009| 0.1208 0.54 11.63 363.29 0.00
S7 | 0.0046| 0.1174 0.60 12.55 444.39 0.00
S8 | 0.0068| 0.1303 0.34 9.24 188.95 0.00
S9 | 0.0104| 0.1301 0.29 9.29 191.55 0.00
S10 | 0.0128| 0.1315 1.44 9.30 230.36 0.00

S11 | 0.0154| 0.1587 0.75 6.04 55.34 0.00
S12 | 0.0209| 0.1764 0.79 5.24 36.23 0.00
S13 | 0.0193| 0.1848 0.82 4.88 30.09 0.00
S14 | 0.0231| 0.2022 1.27 6.42 87.08 0.00
S15 | 0.0170| 0.2027 1.34 6.53 94.83 0.00
S16 | 0.0122| 0.1786 1.47 8.58 190.79 0.00
F1 | -0.0002| 0.0165 -0.09 4.82 16.17 0.00
F2 | 0.0021| 0.0181 1.06 6.69 87.13 0.00
F3 | 0.0004| 0.0197 0.34 4.54 13.74 0.00
F4 | 0.0009| 0.0254 0.66 5.87 48.10 0.00
F5 | -0.0010| 0.0265 -0.32 3.97 6.60 0.03
F6 | -0.0004| 0.0239 -0.30 3.08 1.75 0.41
F7 | 0.0004| 0.0235 -0.13 2.78 0.55 0.76
F8 | 0.0000| 0.0235 0.17 2.70 1.01 0.60
F9 | 0.0019| 0.0233 0.19 4.65 13.83 0.00
F10 | 0.0029| 0.0220 0.92 4.94 34.45 0.00
F11 | -0.0008| 0.0182 -0.08 3.07 0.17 0.91
F12 | -0.0009| 0.0194 -0.61 3.51 8.42 0.01
F13 | 0.0014| 0.0138 -0.65 6.14 55.75 0.00
F14 | 0.0013| 0.0147 0.07 3.84 3.52 0.17
F15 | -0.0006| 0.0161 -0.37 4.49 13.39 0.00
F16 | 0.0002| 0.0173 -0.40 3.16 3.21 0.20
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Table3: Autocorrelationestimate®f thefirst differencein futuresandspotprice
seriedfor threeconsecutie non-overlappingcontracts.

First Differencein FuturesPriceSeries

04/06/98to 09/25/8B 10/25/98to 03/26/® || 04/15/® to 09/27/99
Lag| AC | Q-stat| Probh| AC | Q-stat| Probh || AC | Q-stat| Proh
1 | -0.07| 0.60 | 043 | -0.06 | 0.45 | 0.49 || -0.11| 155 | 0.21
2 | -0.17| 430 | 0.11| -0.11 | 2.01 | 0.36 || -0.10| 3.01 | 0.22
3 |-0.005| 430 | 0.23 | 0.07 | 2.67 | 0.44 | 0.13 | 5.39 | 0.14
4 0.15 | 720 | 0.12 || 0.03 | 280 | 0.59 | 0.02 | 5.45 | 0.24
5 | -004| 742 | 0.19 | -0.05| 3.24 | 0.66 || -0.16| 9.01 | 0.10
6 | -0.20 | 12.60| 0.05 | 0.06 | 3.84 | 0.69 | -0.12| 10.94| 0.09
7 0.01 | 12.62| 0.08 | 0.06 | 4.40 | 0.73 || 0.12 | 12.89| 0.07
8 0.02 | 12.69| 0.12 || -0.05 | 4.77 | 0.78 || -0.19| 18.06 | 0.02
9 | -0.02 | 12.74| 0.17 || -0.09 | 5.97 | 0.74 || 0.11 | 19.86| 0.01
10 | -0.19 | 17.49| 0.06 | -0.005| 5.98 | 0.81 || -0.10| 19.87 | 0.03
11 | -0.005| 17.49| 0.09 | -0.14 | 8.75 | 0.64 || -0.03| 20.07 | 0.04
12 | 0.05 | 17.93| 0.11 || 0.02 | 8.84 | 0.71 || 0.10 | 21.62 | 0.04

First Differencein SpotPriceSeries

1 0.10 | 1.40 | 0.23 || 0.15 | 291 | 0.08 | 0.02 | 0.07 | 0.77
2 | -0.20| 6.57 | 0.03| -0.18 | 7.05 | 0.02 || -0.07| 0.84 | 0.65
3 | -008| 7.47 | 0.05 | -0.25 | 14.98| 0.002]| -0.27| 10.53| 0.01
4 |-0.006| 7.48 | 0.11 || -0.13 | 17.34| 0.002 || -0.22 | 16.62 | 0.002
5 | -010| 877 | 0.11 || 0.001| 17.34| 0.004| 0.07 | 17.37 | 0.004
6 0.08 | 9.75 | 0.13 || -0.08 | 18.22| 0.006 | -0.13 | 19.64 | 0.003
7 0.10 | 11.24| 0.12 || -0.03 | 18.38| 0.01 || 0.18 | 24.29 | 0.001
8 | -0.10| 12.61| 0.12 || -0.01 | 18.41| 0.01 || 0.11 | 26.15| 0.001
9 | -0.13 | 14.83| 0.09 || 0.08 | 19.27| 0.02 || -0.08| 27.03 | 0.001
10 | -0.10 | 16.23| 0.09 | 0.01 | 19.29| 0.03 || 0.02 | 27.12 | 0.002
11 | -0.16 | 19.84| 0.04 || -0.005| 19.29 | 0.05 || -0.21 | 33.55| 0.00
12 | -0.03 | 20.05| 0.06 || -0.06 | 19.80 | 0.07 || 0.08 | 34.54 | 0.001
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Table4: GARCH(1,1)Estimation of the hedgeratio for all of the sixteenfutures
Contracts. The estimatedcoeficientsare asshowvn in equation(3) and(4). An
asterisk(x) indicateghatthecoeficientis significantatthe 95% confidencdevel.

Contract| « Ba B Durbin-Watson| Std.Error | AIC

1 2.08 | 0.07 | 0.90 2.08 0.19 -0.57
(2.37)| (1.30)| (17.74)

2 0.6 | 0.65 | 0.6 2.05 0.19 -0.76
(3.36) | (4.05)| (10.16)

3 0.8 | 0.35 | 0.70 1.94 0.18 -1.01
(4.67)| (2.77)| (12.03)

4 0.4 | 0.54 | 0.54 1.48 0.16 -1.30
(2.62)| (4.14)| (7.12)

5 0.01 | 0.60° | 0.46 1.43 0.14 -1.50
(0.04) | (3.78)| (7.06)

6 0.26 | 0.54 | 0.37 1.51 0.12 -1.85
(2.47)| (3.39)| (3.43)

7 0.56° | 0.5 | 0.3%4 1.60 0.12 -1.91
(2.10)| (2.12)| (2.22)

8 1.000 | 0.42 | 0.46 1.77 0.13 -1.66

(3.29)| (2.12)| (2.98)

9 0.62 | 0.43 | 0.43 1.76 0.13 |-1.58
(1.75) | (1.94)| (2.83)

10 | 0.79 | 0.27 | 0.70 2.39 0.13 |-1.48
(1.74)| (1.72)| (4.66)

11 | 256 | 0.15° | 0.86 2.28 0.16 |-1.19
(4.89)| (2.22)| (17.96)

12 | 1.43 | 0.08 | 0.9r 2.29 0.18 |-0.74
(1.83) | (2.45)| (34.69)

13 | -0.78| 0.45 | 0.60 2.20 0.18 |-0.67
(0.57)| (3.49)| (6.46)

14 | 295 | 0.01 | 0.93 2.29 0.19 |-0.44
(2.37)| (0.56) | (23.78)

15 | 3.17 | -0.02 | 1.03 2.30 0.19 |-0.53
(4.70)| (0.21)| (4.31)

16 | 2.13 | 0.19 | -0.35 2.43 0.17 |-0.71

(3.35) | (1.16)| (2.03)
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Table 5: Modeling the relation betweenthe spot and futures electricity prices
usinganExponentialGARCH specificatiorfor threeconsecutie non-overlapping
futurescontracts.Theestimatedtoeficientsareasshowvn in equation(5) and(6).

An asterisk¢) indicatesthat the coeficient is significantat the 95% confidence

level.
Contract 51 52 53 71 Y2 V3 Y4 R?
1 3.38 0.0 | -5.92 | -095 | 087 |-0.11 | -0.31 | 0.77
(149.05)| (3.46)| (9.05) | (2.30)| (16.96)| (2.02)| (5.88)
2 2.63 0.04 | 6.84 |-0.75% | 0.89 | -0.01| 0.30r | 0.86
(59.28) | (3.14) | (11.33)| (2.24) | (19.96)| (0.19)| (7.19)
3 3.29 0.0r | 535 | -0.62 | 091 | -0.14 | 0.38 | 0.82
(125.40)| (2.11) | (20.24)| (2.40)| (30.81)| (2.30) | (7.79)
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Table6: VAR(1) Estimaton of the spotandfuturesprice seriesasrepresentetyy
the systemin equation(7): Contractdrom 1 through8. An asterisk(x) indicates
thatthe coeficientis significantatthe 95% confidencdevel.

SitlFyy | Siz—1 | Fipmr | R* | Std.Error| AIC
St -0.06 | 4.09 | 0.11 0.18 -0.53
(0.71) | (3.88)
Fi; -0.004 | -0.06 | 0.008 0.01 -5.34
(0.50) | (0.71)
Sot -0.03 | 2.05° | 0.04 0.18 -0.51
(0.36) | (2.22)
F, 0.005 | 0.12 | 0.016 0.02 -5.09
(0.55) | (1.26)
Say .01 2.74 | 0.09 0.17 -0.67
(0.10) | (3.39)
Fy, 0.0006| 0.17 | 0.03 0.02 -5.04
(0.06) | (1.91)
Sz 0.25 | 1.26° | 0.10 0.15 -0.89
(2.88) | (2.27)
Fy -0.02 | 0.23 | 0.08 0.02 -4.55
(1.86) | (2.57)

S, | 0.28 | 009 | 0.80| 013 |[-1.12
(3.14) | (0.18)
Fs | -0.03| 022 | 007 | 002 |-4.45
(1.79) | (2.41)
See | 023 | 023 0.05| 012 |[-1.35
(2.59) | (0.48)
Fs | -0.03 | 0.08 | 0.04| 002 |-4.63
(2.09) | (0.88)
S, | 017 | 0.01| 003| 011 |[-1.41
(1.85) | (0.02)
Fy | -0.03|-0.03| 002| 002 |-4.65
(1.61) | (0.40)
Sy, | 0.0 | 010 | 0.01| 0.13 |[-1.23
(1.05) | (0.19)
Fy | -0.01|-0.01|0.003| 0.02 |-4.60
(0.62) | (0.09)
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ContinuedvAR(1) estimatiorof thespotandfuturespriceseriesasrepresentetly
thesystemin equation(7): Contractdrom 9 throughl6. An asterisk(x) indicates
thatthe coeficientis significantat the 95% confidencdevel.

SiulFy | Siy—1 | Fiy—1 | R* | Std.Error | AIC
Sot 0.10 | 0.16 | 0.01 0.13 -1.22
(1.13) | (0.32)
Fy -0.01 | 0.11 | 0.01 0.02 -4.65
(0.61) | (1.15)
S0 | -0.32 | 2.2& | 0.17 0.12 -1.34
(3.51) | (4.45)
Fio: | -0.05 | 0.29 | 0.12 0.02 -4.66
(3.39) | (3.03)
Sy | -0.23 | 1.77 | 0.06 0.16 -0.75
(2.43) | (2.06)
Fi; | -0.03 | 0.2 | 0.08 0.01 -5.18
(2.87) | (2.29)
Sy | -0.19° | 2.09 | 0.07 0.17 -0.62
(2.14) | (2.54)
Fiy | -0.02 | 0.09 | 0.04 0.02 -5.02
(2.30) | (0.99)

S | -0.10 | 255 | 0.05| 0.17 |-0.58
(1.13) | (2.19)
Fi |-0.003| -0.11|0.01| 0.01 |-5.65
(0.47) | (1.24)
Sy | -0.18 | 250 | 0.05| 0.19 |-0.41
(1.96) | (2.03)
F | -001| 002 |0.02| 001 |-556
(1.57) | (0.25)
Sis | -0.20° | 2.98 | 0.07| 0.19 |-0.40
(2.23) | (2.69)
Fis | -001| 013 |0.03| 0.01 |-5.30
(1.82) | (1.42)
Sie; | -0.25 | 3.22 | 0.13| 0.16 |-0.73
(2.87) | (3.54)
Fi | -0.01| 0.01 |0.03| 001 |-5.23
(1.91) | (0.15)
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Figure 1. Daily prices of wholesale spot electricity traded on NYMEX for delivery at the California-Oregon
Boarder over the period January 1, 1998 to December 30, 1999.
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Figure 2. Forward premiums for electricity futures contracts delivered at COB for the period March
1998 through December 1999.
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Figure 3. Trading volume for electricity futures contracts traded on NYMEX for
delivery at COB over the period March 1998 through December 1999.
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Figure 4. Volume of open interest in electricity futures contracts trading on NYMEX for delivery at
COB over the period March 1998 through December 1999.
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Figure S. Impulse response functions derived from estimating an autoregression of the
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spot and futures electricity returns series for a representative six-month contract.



